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1.0 INTRODUCTION

During the late 1950'sand early 1960's,a series o
the Nevada Test Site (NTS) and Tonopah Test Range (T
accidental detonation or destruction of a nuclear device,
chemical explosives which caused little nuclear yield, but
plutonium (Pu) over large areas at the detonation sites,
the upper 2 to 10 cm of the soil surface and on vegetatior

(TTR

The Comprehensive Environmental Response Compensation
(CERCLA) and the Superfund Amendment and Reauthor
remediation of these safety test sites. SARA provides for
stages of decontamination of these sites including preliminary
characterization, remediation and certification for delistin
investigations and feasibility studies are being conducted.

and Liability Act
ization Act (SARA) require
specific procedures for various

assessment,
\. Presently, remediation

Approximately 800 ha are contaminated with Pu a<
For large scale Pu decontamination to occur, approximate
must be removed from these sites. Existing vegetation at
contaminated. Many of the soil decontamination technologies
of organic matter and nutrients. If vegetation were remo\
separately, the possibility exists to return the cleaned
in some zones of contamination may have Pu levels below
decontamination, and therefore can be used as transplants
salvage vegetation on these sites will aid in replenishing
the decontaminated soil, thus reducing site-wide reclamati

Previous studies conducted during the early 1970's
Nevada Applied Ecology Group (NAEG) indicated that o
the result of particle resuspension during wind movement
attachment of contaminated particles to plant foliage (Romney
Contaminated particles, usually less than 44 microns in size
crevices on plant leaves and branches. Contamination of
particles by roots was found to be much less than that caused
attachment. Significant removal of contamination from th
accomplished by shaking or washing plants with water (Romney
al. 1975).

safety tests were conducted at
to determine the effects of

The device was destroyed by
the explosion dispersed
!ontamination is primarily in

a result of the safety tests.
280,000 cubic meters of soil

these sites is also
will leave the soil devoid

ed. first and decontaminated
to the soil. Vegetation

acceptable limits for
or for mulch. The ability to

matter and nutrients to
costs.

vegetation

organic
.on

these safety test sites by the
ntamination of vegetation was

and subsequent superficial
et al. 1975).

:, are trapped by hairs and
lants by uptake of radioactive

from superficial
surfaces could not be

et al. 1963, Romney et

NAEG scientists also sampled contaminated soil at
during the early 1970's to determine levels of soil Pu conte
were collected from the plant nearest the point of the soil
collected vegetation contamination data for many of the

each of the safety test sites
contamination. Vegetation samples

sample. NAEG researchers
species found in Area 11 and
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•4 Area. 13 sites. The vegetation at both of these sites is representative of Mojave-Great

Basin Transition Desert. Vegetation at the Tonopah Test Range is representative of the
Great Basin desert. Vegetation contamination data collected by NAEG at the TTR was
limited in the number of species sampled and may not be sufficient to understand
seasonal differences in contamination at these sites.

NAEG researchers examined several native plant species at the Area 5 GMX
safety test site to determine the seasonal differences in contamination of leaves (Romney
et al. 1975). They noted slight seasonal changes in superficial contamination of plants
at the site. Leaf samples collected during the growing season indicated that during leaf
development, contamination was lowest at bud-break and a rapid buildup of superficial
contamination occurred within 60 days after leaves emerged. After 60 days,
contamination levels remained relatively stable. It is not known whether seasonal
variations in contamination exist at the other safety test sites.

Because the amount of leaf area within plant canopies can vary seasonally due to
moisture conditions, daylength, and temperature, the determination of seasonal
variability in plant contamination of the dominant species at these sites may aid in the
development of strategies for vegetation removal. For example, if the majority of the
dominant species have bud-break at approximately the same time during the spring, then
site-wide vegetation contamination may be lower than at other times of the year, and
vegetation could be removed at this time.

EG&G/EM Environmental Sciences Department initiated a study in 1990 to
characterize the extent of vegetation contamination of at Area 11 (Site D) of the NTS
and Clean Slate 2 of the TTR. This study will aid in the development of strategies for
vegetation removal or decontamination. Specific objectives of the study were as follows:
1) to determine the level of vegetation contamination across differing zones of soil
contamination (i.e. ground zero and outward); 2) to determine if differences in amounts
of contamination varied among species within each site; 3) to determine if seasonal
variation in contamination existed for dominant species at these NTS and TTR sites: and
4) to determine the interactions of each of the above characteristics. A secondary
objective was to compare vegetation contamination results with that of the NAEG to
determine if levels of contamination have changed over time.

Vegetation samples were also collected in Area 13 and Double Track of the
Nellis Air Force Range. Sample were collected only once with the objective of using
these to compare to the other safety test sites and to compare with past NAEG
vegetation contamination data.



2.0 MATERIALS AND METHODS

Vegetation samples were collected by removing aboveground plant material from
the dominant species. A species mix sample was collected by randomly sampling species
and mixing the material together. Vegetation samples were collected at each site within
each contamination zone. The zones of contamination used were the same as those
designated by Gilbert et al. 1975 in Report NVO-153. This report documents the
locations, area! extent and contamination levels for soil Pu contamination at each of the
safety test sites. Contamination zones were verified using the FIDLER (Field Instrument
for the Detection of Low Energy Radiation) instrument at the beginning of the study.
Each vegetative sampled was placed in one gallon metal press-lid cans and transported
to the laboratory.

Vegetation was collected seasonally (four times) in Area 11 (Site D) of the
Nevada Test Site and Clean Slate 2 of the Tonopah Test Range (Figure 1). At site D
in Area 11 of the NTS, three replicate samples (n=3) of four shrub species (Atriplex
confernfolia, Chrysothamnus viscidiflorus, Ephedra nevadensis, and Menodora spinescens
and the species mixture) were sampled randomly within each of five zones of
contamination on four collection dates: July 1990, October
1991. Contamination Zone 1 is located outside the fence

1990, January 1991, and May
of the contaminated area and

represents ine control area. Zones 2, 3, 4, and 5 represent increasing levels of soil
contamination with Zone 5 being near the safety test ground zero. Soil samples were
collected to verify contamination levels in each of the zomf:Four zones of contamination were sampled at Clean Slate 2; Zone 1 represents
the control, Zones 2, 3 and 4 represent increasing levels of contamination with Zone 4
being near the ground zero of the safety test. Species selected for collection and
analysis at Clean Slate 2 included Artemisia spinescens, A. confernfolia, Ceratoides lanata,
Hilaria jamesii, and a mixture of species collected randomly. Three replicate samples
(n=3) of each species within each zone were collected during August 1990, November
1990, March 1991, and August 1991.

Vegetation data was collected only once at Double Track and Area 13 of the Nellis Air .
Force Range, during September 1990 and November 1990J respectively. Three replicate
samples of a species mixture were sampled in Zones 1, 2, and 4 at Double Track and
Zones 1,3 and 6 at Area 13.

Gamma americium-241 concentrations were determined for the vegetative
samples at REECo Analytical Services Laboratory in Mercury, NV using methods
described by Major et al. 1974. Because of the relatively cjonstant ratio of Pu 239-240 to
Am 241, gamma americium levels were used as the index for determining contamination
at the various sites. Pu 239-240 concentrations were determined for a select number of



samples in order to determine the Pu:Am ratios for calculation of Pu load on
aboveground plant material.

The experimental design implemented for this study was a split-plot model with
zone of contamination and species being the whole plot variables and date of collection
being the subplot variable. Significance of variables and interactions was determined
using the SAS GLM procedure with an a =0.05 level of significance (SAS 1989). Mean
separations were conducted using Fisher's Least Significant Difference (LSD) using
appropriate error terms produced by split-plot analysis of variance.

3.0 RESULTS AND DISCUSSION

The interactions of zone of contamination, plant species or mix and collection
date were examined to determine if spatial and temporal differences exist in vegetation
contamination at the Area 11 and Clean Slate sites. The three-way interaction between
these variables is of major concern in this study, but can be difficult to interpret because
of its complexity (Snedecor and Cochran 1980). To interpret the interaction correctly,
gamma Am 241 means must be examined separately for: 1) each contamination zone for
each plant species and date of collection; 2) each plant species within each
contamination zone and date of collection; and 3) each collection date for each species
and contamination zone. Graphs representing each of the above sets of means are
presented and interpreted. Results of the statistical analysis of the means in question are
also presented to show variability in vegetation contamination for each level of these
factors.

3.1 Area 11 Vegetation Contamination

The analysis of variance model for the Area 11 vegetation contamination data
indicated significant main effects (p< 0.05) for the species/species mix and zone of
contamination variables. The date of collection variable was not significant. The
interactions between zone of contamination and species, and between zone of
contamination and date of collection were significant. Although the three way
interaction of zone of contamination, plant species and date of collection was not
significant at the a=0.05 level, mean comparisons for this interaction were conducted
because of the highly significant main effects for zone of contamination and the
species/species mix variables (Snedecor and Cochran, 1980).



3.1.1 Zone of Contamination Influences.

The interaction of zone of contamination, species or mix, and date of collection was not
significant for any zone except Zone 5. With the exception of E. nevadensis, vegetation
contamination was significantly greater in Zone 5 for all species and the species mix for
all dates of collection (Figure 2). Zone 5 levels of contamination were generally three to
five times higher than that of other zones sampled regardless of period of collection.
The greater vegetation contamination tin Zone 5 for all species is probably the result of
the substantially greater soil contamination in this zone (Figure 3). The greater soil
contamination in this zone increases the amount of resuspended radioactive material that
could land on plant surfaces. Within each date of collection, levels of contamination in
Zones 1, 2, 3, and 4, for each species and the species mix[ generally did not vary
significantly. Contamination of E. nevadensis did not vary significantly across zones and
dates of collection (Figure 2). This is probably due to the1 lack of leaves on this plant
and its thin, waxy branches that would make it less suitable for entrapment of
resuspended particles.

3.1.2 Species Influences.

Mean contamination levels for the species and the species mix within Zones 1, 2,
3, and 4 for each date of collection were not significantly different. Zone 5 had
significant differences among species, but across dates no consistent pattern among
species was evident (Figure 4). The greater soil contamination levels in Zone 5 causes
species differences in contamination to be more prominent than in the other zones. The
inconsistent pattern of species contamination within Zone 5 is an indication that at no
time of the year were all species equally high or low in their level of contamination.
This is probably the result of differing leaf phenology patterns and plant architecture
among each of the species. These differences show that a
as a reference plant to indicate vegetation contamination

single species cannot be used
evels at a site.

Contamination levels of species averaged over all dates of collection were not
significantly different within Zones 1, 2, and 3 (Figure 5).
significantly higher contamination than A. confertifolia and

In Zone 4, C. viscidiflorus had
E. nevadensis. In Zone 5, C.

viscidiflorus again had significantly greater contamination than the other species, but was
not significantly different from the species mix. The greater contamination of C.
viscidiflorus may indicate that this plant is more efficient in trapping contaminated
particles. This plant exudes a sticky substance from flowers and other plant parts (Vines
1986) that may allow greater entrapment of radioactive particles. The species mix
generally had contamination levels that were in the mid-range of mean values, indicating
that a sample of a mixture of species may be a way of assessing average contamination
within a zone. E. nevadensis mean contamination levels were significantly lower than
that of the other species and the species mix.



3.1.3 Seasonal Influences.

For all species, contamination across time did not significantly differ within Zones
1, 2, 3, and 4 (Figure 6). Within Zone 5, significant differences among dates of
collection existed within each species and the species mix. However, dates when
vegetation contamination levels were the greatest were not the same among species. For
example, A. conferrifolia had significantly higher gamma Am 241 levels during January
1991, whereas C, viscidiflorus had significantly greater contamination during October
1990. This again illustrates that phenological differences of each species affects the
variability in contamination levels over time. The greater contamination exhibited during
January by A. confertifolia may be the result of lack of leaf turnover prior to the flush of
new leaves in the spring and that leaves present had been exposed to contamination for
a greater length of time. C. viscidiflorus generally flowers during August through October
and sticky exudates are secreted by its flowers. This could lead to greater entrapment of
contaminated particles by this species.

Contamination levels averaged across species for each date of collection within
the separate zones were not significant in Zones 1, 2, 3, and 4 (Figure 7). However, in
Zone 5, contamination levels show a gradual trend of increased contamination from the
beginning of the sampling in July 1990 until the January 1991 sampling. After the
January sampling, contamination levels significantly dropped; this may be an indication
of new vegetative growth in May that had yet to be contaminated by resuspension.

3.2 Clean Slate 2 Vegetation Contamination

As with the Area 11 vegetation contamination data, the analysis of variance model
for the Clean Slate 2 vegetation contamination data indicated significant main effects
(p< 0.05) for the zone of contamination and species variables. The date of collection
variable was not significant. The two-way interactions between zone of contamination
and species, and between zone of contamination and date of collection were significant.
Although the three-way interaction between zone of contamination, species and date of
collection interaction was not significant at the a=0.05 level, mean comparisons for this
three-way interaction were conducted because of highly significant main effects for the
zone of contamination and species variables (Snedecor and Cochran, 1980).

3.2.1 Zone of Contamination Influences.

Zone of contamination means for each of the species and species mix exhibited a
consistent patterns across dates of collection (Figure 8). Zone 4 samples had higher
contamination than the other zones, but in some cases the greater contamination was not
statistically significant. This may be related to this species' phenological differences
over time and the differences in concentration of Pu in soil in the different zones.
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Gilbert et al. 1974 reported relatively equal amounts of sail contamination in zones
and 4 (6.2 ± 2.5 and 5.4 ± 1.4, respectively) and significantly lower amounts in zon
and 2 (0.09 ± 0.03 and 1.8 ± 0.74).

3.2.2 Species Influences.

Mean contamination levels differed among species
zones 3 and 4 for each sampling period (Figure 9). The species and the species mix in
Zones 1 and 2 were generally not significantly different from each other for each date of

3
zones 1

and the species mix within

collection (Zone 2 during the March 1991 sampling is the
significantly greater contamination than A. confemfolia in

exception). A. spinescens had
Zone 3 for all dates of

collection. In Zone 4,4. spinescens and H.jamesii generally had significantly greater
contamination than that of the other species and the mix across all dates. As with Area
11, the inconsistent pattern of species contamination within Zone 4 is an indication that
at no time of the year are all species equally high or low in their level of contamination.
This again is probably the result of differing phenologic patterns or plant architecture
and morphology differences for species in this study. These differences among species
show that a single species cannot be used as a reference plant to indicate overall
vegetation contamination levels at Clean Slate 2.

Species contamination means across all sampling dates were combined to
determine species differences within zones (Figure 10). Within Zone 1, no significant
differences in mean contamination levels among species \*ere observed. In Zone 2, A.
spinescens had significantly greater contamination than A. confemfolia and C. lanata. In
Zones 3 and 4, A. spinescens and H. jamesii and the species mix means had significantly
higher vegetation contamination than that of A. confemfolia and C. lanata. The low
stature and rough bark of A. spinescens may enhance particle entrapment. H.jamesii is a
low growing bunchgrass. The low stature and bunched leaves may cause this species to
have greater contamination levels due to increased contamination via raindrop splash
displacement of Pu particles or saltation of Pu particles during wind events. Radioactive
particles may accumulate at the plant base where leaves originate. Because of variation
among species, the species mix sample may be most representative of zone-wide
contamination.

3.2.3 Seasonal Influences.

Contamination levels for dates of collection had similar patterns for each species
and zone (Figure 11). Generally, no significant differences in contamination levels
across dates of collection for each species were observed in Zones 1, 2 and 3. The
exception to this is that A. spinescens in the March 1991 sampling had significantly higher
contamination than the August 1991 sampling. In Zone 4, contamination across
sampling dates for A. spinescens, C. lanata, and A. confemjvlia did not vary significantly,



indicating that phenological patterns across species were probably not a significant
influence on vegetation contamination.

3.3 Comparison of Contaminated Sites

A comparison of contamination at the various sites will aid in the development of
strategies for handling vegetation during site decontamination. If the sites have
comparable vegetation contamination, then a comprehensive plan could be written for
vegetation handling and use during site decontamination. If the sites do not have
comparable levels, then site-specific plans should be developed to address these aspects
for site decontamination.

Contamination levels of A. conferrifolia. a species common to both the Area 11
and Clean Slate sites, were approximately 25 times greater in the ground zero zone
(Zone 5) at Area 11 (Site D) when compared to the same zone at Clean Slate 2 (Figure
12A). Levels of contamination for this species in all zones of Clean Slate 2 were
comparable to Zones 1,2 and 3 of site D in Area 11.

Since inconsistent patterns of contamination were observed across sampling
dates among species, the mixed species sample may be best for assessing average
contamination within zones at each of these sites. During sampling of vegetation at Area
13 and Double Track, mixed vegetation was collected to compare to other safety test
sites. Because Area 13 and Double Track were sampled only once, statistical
comparisons of the mean contamination values for other site and dates cannot be made
because of the unbalanced nature of the data. Figure 12B illustrates mixed vegetation
means for zone for Area 11 (Site D), Clean Slate 2, Area 13, and Double Track.
Standard errors of the mean for each zone are given to show within-zone variability and
aid in comparisons of the sites.

Comparisons of the ground zero zones for each of sites show that Site D in Area
11 had the greatest Pu contamination. This site had five to ten times more Pu in mixed
species samples than did the other sites sampled. Zone 4 at the Area 11 site was
comparable to the ground zero zones in Area 13 (Zone 6) and Double Track (Zone 4).
Zones 1,2, and 3 were comparable for all of the sites. Vegetation in these zones could
possibly be decontaminated in the same manner.

3.4 Past and Present Contamination Levels

Comparisons of past and present levels of Pu contamination may provide insight
into what would happen if these sites were left as is. Studies conducted by NAEG
researchers in the early seventies provide baseline soil and vegetation data to compare to
present day levels (Gilbert et al. 1975, Romney et al. 1975). For purposes of comparison



in this study, past contamination levels for the NAEG data at the various sites were
calculated by using a weighted mean and standard error
number of individual samples would be weighted greater

(i.e.,a species having a greater
in the overall mean than a

species having a low number of individual samples) of the individual species
contamination means and standard errors found in Romney et al. 1975, Table 1, to
reflect a mixed vegetation sample for each contamination zone. Statistical mean
separation procedures cannot be used to statistically separate the NAEG weighted means
for mixed vegetation from this studies' mixed vegetation means due to differences in
statistical designs between the two studies and the unbalanced nature of the data, but
they do provide a reference for comparison of these sites!

Contamination of Pu in soils at Area 11, Site D appears not to have changed over
time (Figure 3). Although soils show higher contamination in some zones and lower
contamination in others from 1974 to 1991, the variability in these means indicate they
are probably not different. Past and present vegetation contamination at Area 11, Site D
had similar patterns and variability, indicating that probably no significant change in
vegetation contamination has occurred in 25 years (Figure 13A).

Vegetation contamination at the other sites sampled showed little differences over
time. At Clean Slate 2, mean values for this study were somewhat higher in Zones 3 and
4 when compared to the 1974 means, but the variability in each of these means indicate
that they are probably not different (Figure 13B). Area
6 (ground zero) was greater in 1974 than in 1991 (Figure
were not given for the 1974 study, this difference may be

3 mean contamination in Zone
14A). Since dates of collection
the result of seasonal

differences or may be the result of spatial differences in sampling. Contamination within
zones at Double Track also did not change significantly over time (Figure 14B). These
comparisons indicate that in the past 25 years, no large increases or decreases in
vegetation contamination within zones at these sites has occurred.

4.0 CONCLUSIONS

1. Variations in vegetation contamination occur oveij time and are inconsistent
among species. At no time of the year do all species exhibit consistently high or
low contamination and. no single species can be used as and indicator of
vegetation contamination. The differences in species contamination over time are
probably the result of phonological, architectural, and leaf longevity differences
among the plant species. Samples containing a mixture of species may be the best
method for assessing average levels of vegetation contamination within zones at
each site.
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2. Vegetation contamination levels differed across designated zones of soil
contamination. Vegetation contamination levels were greatest near ground zero
at all sites. Generally, zones the greatest distance away from ground zero had
similar contamination. Vegetation in these outer zones could be treated the same
during decontamination of the sites.

3. Zone 5 in Area 11 (Site D) had the greatest vegetation contamination level of all
sites sampled.

4. Comparisons of vegetation contamination data collected during the early 1970's
with that for this study indicate that contamination levels have not changed
substantially over the last 25 years.

5. Results of these analyses can be used to help formulate vegetation removal,
cleaning, and reuse strategies during decontamination and revegetation phases at
the safety test sites on the NTS and TTR. Minimum acceptable levels of
vegetation contamination have yet to be identified for these sites. Once the levels
have been set, site-specific strategies can be developed using this data as a
guideline on how vegetation can be removed, cleaned or reused during
decontamination of these sites.

11
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Figure 1. Location of safety test sites slated for plutonium decontamination at the
Nevada Test Site (NTS), Tonopah Test Range (TTR), and the Nellis Air Force Range
(NAFR).
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Zone 1
Zone 2

• Zone 3
H Zone 4
m Zone 5

Figure 2. Gamma americium-241 means (n=3) (nanocuries/g dry vegetation) for
Atriplex confenifolia (ATCO), Chrysothamnus viscidiflonis (ICHVI), Ephedra nevadensis
(EPNE), Menodora spinescens (MESP), and a mixture of perennial species (MIX) within
zones of plutonium contamination collected on four separate dates in Area 11 of the
Nevada Test Site (NTS). Zone of contamination means for each species and date of
collection having the same letter are not significantly different (p> 0.05) using Fisher's
Least Significant Difference (LSD) procedure. For numeric means and standard errors,
refer to Table 1.
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Figure 3. Past (1974) and present (1991) mean 239-240 plutonium (Pu) concentrations
(nanocuries/g soil) in soils at Site D in Area 11 of the Nevada Test Site (NTS). Past
means were derived from data in Gilbert et al. 1975. Lines on bars indicate standard
errors for each mean.
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Figure 4. Gamma americium-241 means (n=3) (nanocuries/g dry vegetation) for
Atriplex confertifolia (ATCO), Chrysothamnus visddiflona (GHVI), Ephedra nevadauis
(EPNE), Menodora spinescens (MESP), and a mixture of perennial species (MIX) within
zones of plutonium contamination collected on four dates in Area 11 (Site D) of the
Nevada Test Site (NTS). Species means within each zone of contamination and
sampling date having the same letter are not significantly different (p> 0.05) using
Fisher's Least Significant Difference (LSD) procedure. For numeric means and standard
errors, refer to Table 3.
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Figures. Gamma americium-241 means (n=12) (nanocuries/g dry vegetation) for
Atriplex confertifolia (ATCO), Chrysothamnus viscidiflorus (CHVI), Ephedra nevadensis
(EPNE), Menodora spinescens (MESP), and a mixture of perennial species (MIX) within
zones of plutbnium contamination averaged across four dates of collection in Area 11
(Site D) of the Nevada Test Site (NTS). Species means for each zone of contamination
having the same letter are not significantly different (p> 0.05) using Fisher's Least
Significant Difference (LSD) procedure.
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Figure 6. Gamma americium-241 means (n=3) (nanocuries/g dry vegetation) for
Atriplex conferrifolia (ATCO), Chrysothamnus viscidiflonu (JCHVI), Ephedra nevadensis
{EPNE), Menodora spinescens (MESP), and a mixture of perennial species (MIX) within
zones of plutonium contamination on four dates of collection in Area 11 (Site D) of the
Nevada Test Site (NTS) (Note differences in scale for each zone panel of the graph).
Date of collection means for each zone of contamination and each species having the
same letter are not significantly different (p> 0.05) using Fisher's Least Significant
Difference (LSD) procedure. Refer to Table 4 for numeric means and standard errors.
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Figure 7. Gamma americium-241 means (ri=15) (nanocuries/g dry vegetation) for dates
of collection within zones of plutonium contamination averaged across all species
sampled in Area 11 (Site D) of the Nevada Test Site (NTS). Date, of collection means
within each zone of contamination having the same letter are not significantly different
(p> 0.05) using Fisher's Least Significant Difference (LSD) procedure. For numeric
means and standard errors, refer to Table 5.
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CLEAN SLATE

November, 1990

Figure 8. Gamma americium-241 means (n=3) (nanocuries/g dry vegetation) for
Artemisia spinescens (ARSP), Atriplex confertifolia (ATCO), | Cerazoides laruua (CELA),
Hilaria jamesii (HIJA), and a mixture of perennial species (MIX) within zones of
plutonium contamination collected on four separate dates at Clean Slate 2 of the
Tonopah Test Range (TTR). Zone of contamination means: for each species and date of
collection having the same letter are not significantly different (p > 0.05) using Fisher's
Least Significant Difference (LSD) procedure. For numerici means and standard errors,
refer to Table 6.
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Figure 9. Gamma americium-241 means (n=3) (nanocuries/g dry vegetation) for
Artemisia spinescens (ARSP), Atriplex confemfolia (ATCO), Ceratoides lanata (CELA),
Hilaria jamesii (HIJA), and a mixture of perennial species (MIX) within zones of
plutonium contamination collected on four separate dates at Clean Slate 2 of the
Tonopah Test Range (TTR). Species means for each zone of contamination and
sampling date having the same letter are not significantly different (p> 0.05) using
Fisher's Least Significant Difference (LSD) procedure. For numeric means and standard
errors, refer to Table 8.
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Zone of Contamination

Figure 10. Gamma americium-241 means (n=12) (nanocuries/g dry vegetation) for
Artemisia spinescens (ARSP), Atriplex confertifolia (ATCO),

ZONE 4

Ceratoides lanata (CELA),
Hilaria jamesii (HUA), and a mixture of perennial species (MIX) within zones of
plutonium contamination averaged for all dates of vegetation collection at Clean Slate 2
of the Tonopah Test Range (TTR). Species means within each zone of contamination
having the same letter are not significantly different (p> 0.05) using Fisher's Least
Significant Difference (LSD) procedure.
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Species
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Figure 11. Gamma americium-241 means (n=3) (nanocuiies/g dry vegetation) for
Artemisia spinescens (ARSP), Atriplex confenifolia (ATCO), Ceratoides lanata (CELA),
Hilaria jamesii (HIJA), and a mixture of perennial species (MIX) within zones of
plutonium contamination collected on four separate dates at Clean Slate 2 of the
Tonopah Test Range (TTR). (Note differences in scale for each zone panel of the
graph). Date of collection means for each zone of contamination and species having the
same letter are not significantly different (p> 0.05) using Fisher's Least Significant
Difference (LSD) procedure. Refer to Table 9 for numeric means and standard errors.
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Figure 12. (A) Mean 239-240 Pu for Atriplex confemfolia at Site D in Area 11 of the
Nevada Test Site (NTS) and Clean Slate 2 of the Tonopah |lest Range (TTR). (B)
Mean Pu 239-240 for mixed vegetation in Area 11 of the NTS, Clean Slate 2 of the
TTR, and Area 13 and Double Track of the Nellis Air Forck Range (NAFR). Lines
within bars indicate standard errors of the mean.
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Figure 13. (A) Average past (1974) and present (1991) levels of 239-240 plutonium
(Pu) (nanocuries/g dry vegetation) for mixed vegetation at Site D in Area 11 of the
Nevada Test Site (NTS). (B) Average past and present levels of 239-240 Pu for mixed
vegetation at Clean Slate 2 of the Tonopah Test Range (TTR). Lines within bars for
both graphs indicate standard errors of the mean. Means and standard errors were
computed from individual species data from Romney et al. 1975.
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Figure 14. (A) Average past (1974) and present (1991) levels of 239-240 plutonium
(Pu) (nanocuries/g dry vegetation) for mixed vegetation in JArea 13 of the Nellis Air
Force Range (NAFR). (B) Average past and present levels of 239-240 Pu for mixed
vegetation at Double Track of the NAFR. Lines within bars for both graphs indicate
standard errors of the mean. Means and standard errors were computed from individual
species data from Romney et al. 1975.
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Table 1. Gamma ameridum-241 means (n=3) and standaid errcre (SE) (nanocuries/g dry vegetetkm) far Atrij4ex QcnfatiNia. dirvsndianmus vucidiflonts. Eptedra nevadenas.
Mmntlnra spintacuns. and a mixture of perennial specks within nraofph&nhiraccrtaininatiGnin Area 11 of the Nevada Tert Site. Specks woo san^rlod on four separate dates
itprtatnling different seasons. Mean separations WOK conducted uang Fischer's Least Significant Dillbenue procedure (LSD). ZtneofoontananatknnKanwitliindkisanieqiecies
and date of oolkactinn having kkntkal letters vwre not agrafoandy difltrart (p>0.05).

Atripkx
Ziiie of
Gnlamutition

Jiilv, 1990
Zcnel
Zcne2
Z<ns3
Zone 4
Zone 5

Mean

0.00058
0.00369
0.02987
0.06523
0.30300

SE

0.00006 b
0.00086 b
0.00065 b
0.01839 ab
0.06258 a

Chrysrthamnus

Mean

0.00095
0.01903
O.W677
0.15470
0.54600

SE

0.00001 b
0.00531 b
0.00009 b
0.05263 b
0.12905 a

Eifedra

Mean

0.00032
0.00415
0.00931
0.02519
0.12510

SE

0.00032 a
0.00074 a
0.00140 a
0.02112 a
0.03906 a

Menodora

Mean

0.00066
0.01077
0.03710
0.09457
0.29333

SE

0.00006 b
0.00060 b
0.00674 b
0.00207 ab
0.01985 a

Mixture of ifedm

Mam

0.00083
0.01031
0.03247
0.11677
0.52000

SE

0 00004 b
0.00060 b
0.00402 b
0.03847 b
0.15459 a

1990

to-J

Zcn;2

Z*ne 4

0.00053
0.01247
0.03883
0.09394
0.43267

0.00012 b
0.00067 b
0.00659 b
0.04466 b
0.16303 a

0.00232
0.02787
0.05710
0.27970
0.82767

0.00034 b
0.00352 b
0.00860 b
0.16902 b
0.42935 a

0.00040
0.00462
0.01787
0.03980
0.05107

0.00009 a
0.00007 a
0.00067 a
0.01016 a
0.01817 a

0.00071
0.01263
003223
0.12500
0.41190

0.00015 b
0.00265 b
0.00383 b
0.02650 b
0.22411 a

0.00109
0.01145
0.03760
0.14833
0.52167

0.00025 b
0.00149 b
0.00170 b
0.01225 b
0.12454 a

January. 1991

Zcnel
Zcne2
Zcne3
Ztne4
Zcne5

0.00071
0^01355
0.04247
0.13507
0.81033

0.00004 b
0.00334 b
0.00737 b
0.02221 b
0.40777 a

0.00234
0.02520
0.07870
0.29900
0.67733

0.00101 c
0.00301 c
0.00885 be
0.04293 b
0.09416 a

0.00120
0.00500
0.02018
0.05757
0.09283

0.00040 a
0.00044 a
0.00532 a
0.01737 a
0.01963 a

0.00075
0.01213
0.03897
0.22730
0.47033

0.00029 b
0.00170 b
0.00398 b
0.08406 ab
0.07459 a

0.00080
0.02043
0.04077
0.20333
0.61400

0.00006 b
0.00313 b
0.00408 b
0.01387 b
0.17584 a

May. 1991
Zcnel
Zcne2
Zoen3
Zcne4
ZmeS

0,00402
0.00543
0.01667
0.05957
0.19233

0.00359 a
0.00077 a
0.00264 a
0.01288 a
0.06047 a

0.00074
0.01467
0.05837
0.23700
0.18400

0.00014
0.00100
0.00742
0.00900
0.02371

0.00049
0.00664
0.01021
0.03373
0.22467

0.00017 a
0.00114 a
0.00095 a
0.00918 a
0.01910 a

0.00107
0.01123
0.04217
0.09687
0.54133

0.00057 b
0.00284 b
0.00588 b
0.01745 b
0.04846 a

0.00046
0.00897
0.02763
0.11367
0.23033

0.00004 b
0.00357 b
0.00288 b
0.02884 ab
0.03696 a



TaHe 2. Gamma ameocaum-241 means (n= 12) and standard orors (SE) (nanocuries/g diy vegetaton) for Alripka oonfertifolia (Ateo), Quvsnthanrnis yiackn'flonis (Chvi), Eptedra
nevadjss(Epne), MSEdoraamfflgTO (Mop), and a nixtaerf perennial cpecte Means represent all
daks of ooUocdon donixnad for each apecks and mne. Mean seporatans woe cxxukicfcd using Fiaî s l̂ ast Signi&anl EhftuaMe pnKedure (LSD). Mt^ns having kkntbal lettas
within species odunns woe not significantly different (p>0.05).

Atriplex OnysotharmiB %kdra Mandora Mixture of species

Onlunin<Ukn Mean SE Mean SE Mean SE Mean SE Mean SE

Zmel
Zme2
Zrre3
2x«ie4
ZcneS

0.00146
0.00878
0.03196
0.08845
0.434S8

0.00089 b
0.00150 b
0.00371 b
0.01474 b
0.11852 a

0.00159
002169
0.06023
0.24311
0.55875

0.00032 c
0.00218 c
0.00465 c
0.04633 b
0.12134 a

0.00060
0.00510
0.01439
0.04033
0.12342

0.00016 c
0.00042 c
0.00186 be
0.00695 ab
0.02218 a

0.00080
0.01169
0.03762
0.13593
0.42923

0.00015 c
0.00094 c
0.00249 be
0.02516 b
0.05840 a

0.00080
0.01279
0.03462
0.14553
0.47150

0.00009 c
0.00173 c
0.00207 c
0.01545 b
0.07178 a

K) .
OO



Table 3. Gamma americium-241 means fa=3) and standard entire (SE) (nanocuries/g dry vegetation) for Atripka oonfertilhlia (Ated). Qmrothamnus viackiidonis (Qm). Ephedra
nevatfcnsis CEpne). Menodota yineaoens (Map), andanaxtureofpermnialfjieckswitfiin amesofphi^^ 11 of (he Nevada Test Site. Vegetation was
collected on four separate dates representing different seasons. Mean separations were conducted using Fischers Least Significant Difference procedure (I SD). Sjwcks means within
the fame sampling date and ame of contamination having idmtk^l^kis wae not significantly dif5«iit(p>0.05).

Zdiel Zcoe2 Zme3 Zme4 ZcneS

Muun SE Mcun SE Mcun SE Main SE Mcun SE

Mv. 1990
Atco
Oivi
Epne
Map
Mixture

0.00058
0.00095
0.00032
0.00066
0.00083

0.00006 i
0.00001 i
0.00032 i
0.00006 i
0.00004 i

i 0.00369
t 0.01903
i 0.004)5
» 0.01077
i 0.01031

0.00086 a
0.00531 a
0.00074 a
0.00060 a
0.00060 a

0.02987
0.04677
0.00931
0.03710
0.03247

0.00065 a
0.00009 a
0.00140 a
0.00674 a
0.00402 a

0.06523
0.15470
0.02519
0.09457
0.11677

0.01839 a
0.05263 a
0.02112 a
0.00207 a
0.03847 a

0.30300
0.54600
0.12510
0.29333
0.52000

0.06258
0.12905
0.03906
0.01985
0.15459

ab
a
b
b
a

. 1990
Atoo
Oivi
Epne
M«j>
Mixture

0.00053
0.00232
0.00040
0.00071
0.00109

0.00012
0.00034
0.00009
0.00015
0.00025

0.01247
0.02787
0.00462
0.01263
0.01145

0.00067 a
0.00352 a
0.00007 a
0.00265 a
0.00149 a

0.03883
0.05710
0.01787
0.03223
0.03760

0.00659 a
0.00860 a
0.00067 a
0.0(1383 a
0.00170 a

0.09394
0.27970
0.03980
0.12500
0.14833

0.04466 a
0.16902 a
0.01016 a
0.02650 a
0.01225 a

0.43267
0.82767
0.05107
0.41190
0.52167

0.16303 b
0.42935 a
0.01817 c
0.22411 b
0.12454 b

January. 1991
Afco
Oivi
Epne
Mesp
Mixture

0.00071
0.00234
0.00120
0.00075
0.00080

0.00004
0.00101
0.00040
0.00029
0.00006

0.01355
0.02520
0.00500
0.01213
0.02043

0.00334 a
0.00301 a
0.00044 a
0.00170 a
0.00313 a

0.04247
0.07870
0.02018
0.03897
0.04077

0.00737 a
0.00885 a
0.00532 a
0.00398 a
0.00408 a

0.13507 0.02221
0.29900 0.04293
0.05757 0.01737
0.22730 0.08406
0.20333 0.01387

0.81033
0.67733
0.09283
0.47033
0.61400

0.40777 a
0.09416 ab
0.01963 c
0.07459 b
0.17584 ab

May. 1991
Ateo
Chvi
Epne
Mt*p
Mixture

0.00402 0.00359
0.00074 0.00014
0.00049 0.00017
0.00107 0.00057
000046 0.00004

0.00543
0.01467
0.00664
0.01123
0.00897

0.00077 a
0.00100 a
0.00114 a
0.00284 a
0.00357 a

0.01667
0.05837
0.01021
0.04217
0.02763

0.00264
0.00742
0.00095
0.00588
0.00288

0.05957
0.23700
0.03373
0.09687
0.11367

0.01288 a
0.00900 a
0.00918 a
0.01745 a
0.02884 a

0.19233
0.18400
0.22467
0.54133
0.23033

0.06047 b
0.02371 b
0.01910 b
0.04846 a
0.03696 b



Table 4. Gamma americium -241 means (n=3) and standard errors (nanocuries/g diy vegetation) fiardifSaat seasons of odkctionibr Atnpbt confatifolia, Chrysothaintiis
viscidi floras. Ephedra nevadenas. Menodnra spineacens. and a mixture of perennial specks within MLS of phtnnium onntamimtinn in Area 11 of ft» Nevatfa Te*t Site Mean
separations were conducted using Fischer's Leal Significant Difference procedure (LSD). Date of collector! means within the same specks and zone having identical letters were rot
significantly different (p>0.05).

Zonel

Date of uoUuctitn

Atriplex ctn fijti ft ilia
July, 1990
October, 1990
January, 1991
May, 1991

Mem

0.00058
0.00053
0.00071
0.00402

SE

0.00006 a
0.00012 a
0.00004 a
0.00359 a

Zoie2

Mean

0.00369
0.01247
0.01355
0.00543

SE

0.00086 a
0.00067 a
0.00334 a
0.00077 a

Zme3

Mean

0.02987
0.03883
0.04247
0.01667

SE

0.00065 a
0.00659 a
0.00737 a
0.03264 a

Zbne4

Mom

0.06523
0.09394
0.13507
0.05957

SE

0.01839 a
0.04466 a
0.02221 a
0.01288 a

ZcneS

Maul

0.30300
0.43267
0.81033
0.19233

SE

0.06258
0.16303
0.40777
0.06047

b
b
a
b

Clirvaidiamnus viscidiflorus .
July, 1990
a****, 1990
January, 1991

g May, 1991

Efihulra nevatlunas
July, 19)0
October, 1990
January, 1991
11, _. 1OQIMay, iwi

Menodnra spinescens
July, 1990
October, 1990
January, 1991
May, 1991

Mixture of species
July, 1990
Octolwr, 19<JO
January, 1991
May, 1991

0.00095
0.00232
0.00234
0.00074

0.00032
0.00040
0.00120
nnrYviQU,UIAr47 •

0.00066
0.00071
0.00075
0.00107

0.00083
0.00109
0.00080
0.00046

0.00001 a
0.00034 a
0.00101 a
0.00014 a

0.00032 a
0.00009 a
0.00040 a
flflYin awAAAtl f •

0.00006 a
0.00015 a
0.00029 a
0.00057 a

0.00004 a
0.00025 a
0.00006 a
0.00004 a

0.01903
0.02787
0.02520
0.01467

0.00415
0.00462
0.00500
00(¥/4

0.01077
0.01263
0.01213
0.01123

0.01031
0.01145
0.02043
0.00897

0.00531 a
0.00352 a
0.00301 a
0.00100 a

0.00074 a
0.00007 a
0.00044 a
000114 a

0.00060 a
0.00265 a
0.00170 a
0.00284 a

0.00060 a
0.00149 a
0.00313 a
0.00357 a

0.04677
0.05710
0.07870
0.05837

0.00931
0.01787
0.02018
0-G1Q21

0.03710
0.03223
0.03897
0.04217

0.03247
0.03760
0.04077
0.02763

0.00009 a
0.00860 a
0.00885 a
0.00742 a

0.00140 a
0.00067 a
0.00532 a
OOGQ85-a —V.VAA/7*/ 0

0.00674 a
0.00383 a
0.00398 a
0.00588 a

0.00402 a
0.00170 a
0.00408 a
0.00288 a

0.15470
0.27970
0.29900
0.23700

0.02519
0.03980
0.05757

— 003173\Jt\fJJ 1 J

O.OS457
0.12500
0.22730
0.09687

0.11677
0:14833
0.20333
0.11367

0.05263 a
0.16902 a
0.04293 a
0.00900 a

0.02112 a
0.01016 a
0.01737 a
0"Qnota~ow.vWJ.710 O

0.00207 a
0.02650 a
0.08406 a
0.01745 a

0.03847 a
0.01225 a
0.01387 a
0.02884 a

0.54600
0.82767
0.67733
0.18400

0.12510
0.05107
0.09283
023467\J'£4SHJ 1

0.29333
0.41190
0.47033
0.54133

0.52000
052167
0.61400
0.23033

0.12905
0.42935
0.09416
0.02371

0.03906
0.01817
0.01963
nnioin\I.\J I71U

0.01985
0.22411
0.07459
0.04846

0.15459
0.12454

b
a
ab
c

a
a
a

.

b
ab
ab
a

a
a

0.17584 a
0.03696 b



*V »'

TuHe S. Ganiraamerichjnt241 means (n= 15) and slandaiden^
fcw separate dates of vegetation collection repressing different seasms. Mean aeparatMns were conducted uang Fischer's Least Sigrafkart Difierewae pnxxxluie (LSD). Date of
cnllcdim reals wMim ftie same anne of mntaminahm having idprtiral Irfter; waa net agnifiranriy

Zonel Zcn:2 ZcneS Zoie4 ZmeS
Date of
aflcdkn Mean SE Mean SE Mean SE Mean SE Meun SE

July, I9<JO 0.00067 0.00008 a
Odntor, 1990 0.00101 0.00020 a
January, 1991 0.00116 0.00025 a
May, 1991 0.00136 0.00071 a

0.00959 0.00176 a
0.01381 0.00219 a
0.01S26 0.00210 a
0.00939 0.00121 a

003110 0.00356 a 0.09601 0.01706 a 0.35749 0.05553 be
0.03673 0.00390 a 0.13735 0.03683 a 0.44899 0.11101 ah
0.04422 0.00560 a 0.18445 0.02768 a 0.53297 0.10184 a
0.03101 0.00498 a 0.098% 0.01885 a 0.27453 0.03913 c



TuHe 6. Gamma atnoicium-241 means (n=3) and standard eraas (SE) (nanocuries/e dry vegetation) fa Artenisa spinespens. Atriplex confatifolja. Qaatokts lanate. Hilaria

K)

on fcur separate
same date of ool

Zone of
Grtuninatkn

Aiipti, J990

• . . - * \f • t i • rr j_ j

lecticn and species having identical letters were not ajpiificantiy difftrert (p>

Artemisia

Mean

Zone 1 0.00107
Zone 2 0.00341
Zme 3 0.01277
Zmi4 0.01597

NwemJier. 1990
Zoiel
Tint 2
Ztne3
Znne4

Zonel

Zcne3
Zoie4

_ — —

August 1991
Zcoel
Zcoe2

0.00121
0.00314
0.01222
0.01653

0.00205
0.01029
0.01167
0.01883

0.00079
0.00072
0.01607
0.03027

SE

0.00020 b
0.00024 b
0.00137 a
0.00757 a

0.00016 b
0.00088 b
0.00129 a
0.00223 a

0.00024 c
0.005% b
0.00066 ab
0.00123 a

0.00026 c
0.00011 c
0.00179 b
0.00508 a

Atriplex

Mean

0.00048
0.00092
0.00255
0.00485

0.00025
0.00067
0.00358
0.00394

0.00193
0.00068
0.00237
0.00202

0.00004
0.00124
0.00343
0.00517

SE

0.00020 a
0.00034 a
0.00040 a
0.00086 a

0.00013 a
0.00009 a
0.00106 a
0.00048 a

0.00182 a
0.00007 a
0.00023 a
0.00060-a—

0.00001 a
0.00012 a
0.00057 a
0.00050 a

Least Significant Difference procedure (LSD). Zone of ccrtm«natinnn*Mis within the
0.05).

Ceratoides

Mean

0.00078
0.00198
0.00747
0.00796

0.00073
0.00154
0.00690
0.01331

0.00101
0.00218
0.00538
A/WTM• U.UJ/^4

0.00073
0.00044
0.00682
0.01223

SE

0.00015 a
0.00051 a
0.00109 a
0.00180 a

0.00017 b
0.00009 b
0.00132 ab
0.00369 a

0.00008 a
0.00051 a
0.00054 a
A TWtOft — Ao.ujuyu a

0.00037 b
0.00014 b
0.00125 ab
0.00112 a

Hilaria

Meun

0.00062
0.00346
0.01064
0.02077

0.00051
0.00258
0.01027
0.03860

0.00031
0.00435
0.01267

— 0:02237

0.00006
0.00277
0.00753
0.01730

SE

0.00014 c
0.00078 be
0.00171 b
0.00306 a

0.00003 b
0.00022 b
0.00133 b
0.01650 a

0.00031 c
0.00077 c
0.00207 b
0.00282 a

0.00003 b
0.00083 b
0.00207 b
0.00217 a

Mixture of specks

Mean

0.00017
0.00276
0.00833
0.00663

0.00061
0.00207
0.00589
0.00940

0.00292
000280
0.00704
0.01132

0.00007
0.00271
0.00946
0.01795

SE

0.00017 a
0.00039 a
0.00024 a
0.00135 a

0.001)05 b
0.00029 b
0.00078 b
0.00051 a .

0.00254 b
0.00062 b
0.00130-ab — — —
0.00385

0.00001
0.00046
0.00173
0.00664

a

c
be
b
a
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TaHe7. Gamma amaidum-241 means (n= 12) and standnd enats (SE) (nanocuries/g dry vegetation! for Artemisia tpineapens. fttnplg oonjatifolia. Cbatnides lanate. HHaria
jan^ andanixtureofperenrialspecksm Mean separations vwae
oonductud iting Ftsdio's Least Significant Difference procedure (LSD). Zone of cortaminatkn means wilhin die same qncks oahom having kfentod letters were nut agmficanlty
different (|i>0.(J6).

Artenisia ASnflex. Coatoides Hilaria Mixture of species
Zraieof
Grtannnatkn Mean SE Mean SE Mean SE Mean SE Mean SE

Zmel
Zcne2
Zxne3
Zoie4

0.00128
0.00439
0.01318
0.02040

0.00017 c
0.00167 c
0.00077 b
0.00267 a

0.00069
0.00088
0.00298
0.00399

0.00049 a
0.00011 a
0.00032 a
0.00046 a

0.00081
0.00154
0.00664
0.01019

0.00010 b
0.00026 b
0.00052 a
0.00122 a

0.00037
0.00329
0.01028
0.02476

0.00010 c
0.00036 c
0.00095 b
0.00441 a

0.00094
0.00259
0.00768
0.01133

0.00065
0.00021
0.00064
0.00209

c /
c
b
a

U)



(CeJa), HJaria jamesii (Hija), and a mixture o
Vegetation was onflectod on four separate date
within the tame date of colluctk» and me ol

Spucits

August 1990
Arsp
Atoo
Cda
Hija
Mixture

ZONE1

Mean

0.00107
0.00048
0.00978
0.00062
0.00017

'perennial sped
b (O RORCkXt f£

'oontanonatiai!

ZONE2

SE

0.00020
0.00020
0.00015
0.00014
0.00017

Mem

0.00341
0.00092
0.00198
0.00346
0.00276

es within anefiof bmvnniinn usirtmi tfttn Plpon Clafe

asms. Mean separations were conducted wing Prater's Least Sig
laving identical letters were not significantly difterent (p>0.05).

ZONE 3

SE

0.00024 a
0.00034 a
0.00051 a
0.00078 a
0.00039 a

ZONE 4

Mean

0.01277
0.00255
0.00747
0.01064
0.00833

SE

0.00137 a
0.00040 b
0.00109 ab
0.00171 ab
0.00024 ab

Mean

0.01597
0.00485
0.00796
0.02077
0.00663

2 safety *ot site at the Tonopah Ted Range, Nevada,
pificant Difference procedure (LSD). Species means

SE

0.00757 a
0.00086 b
0.00180 ab
0.00306 a
0.00135 a

Nweniier, 1990
Ar^v
Atoo

!£ Cda
Hija
Mixture

March. 1991
Arsp

Cela
Hija
Mixture

August, 1991
Arsp
Atco
Cda
Hija
Mixture

0.00121
0.00025
0.00073
0.00051
0.00061

0.00205

0.00101
0.00031
0.00292

0.00079
0.00004
0.00073
0.00006
0.00007

0.00016 a
0.00013 a
0.00017 a
0.00003 a
0.00005 a

0.00024
000182
0.00008
0.00031
0.00254

0.00026
0.00001
0.00037
0.00003
0.00001

0.00314
0.00067
0.00154
0.00258
0.00207

0.01029
000068
0.00218
0.00435
0.00280

0.00072
0.00124
0.00044
0.00277
0.00271

0.00088 a
0.00009 a
0.00009 a
0.00022 a
0.00029 a

0.00596 a
000007 b
0.00051 ab
0.00077 ab
0.00062 ab

0.00011
0.00012
0.00014
0.00083
0.00046

0.01222
0.00358
0.00690
0.01027
0.00589

0.01167
000237
0.00538
0.01267
0.00704

0.01607
0.00343
0.00682
0.00753
0.00946

0.00129 a
0.00106 b
0.00132 ab
0.00133 ab
0.00078 ab

0.00066 a
000023-b
0.00054 b
0.00207 a
0.00130 ab

0.00179 a
0.00057 b
0.00125 b
0.00207 b
0.00173 ab

0.01653
0.00394
0.01331
0.03860
0.00940

0.01883
— 000202""

0.00724
0.02237
0.01132

0.03027
0.00517
0.01223
0.01730
0.01795

0.00223 b
0.00048 d
0.00369 c
0.01650 a
0.00051 d

0.00123 ab
— 0 00060" d

0.00090 cd
0.00282 a
0.00385 be

0.00508 a
0.00050 c
0.00112 be
0.00217 b
0.00664 b

"• '<•'



Artenisia spinesoens, Atriplat confatifolia. Geratoides lariata. Hflaria iamesii. and a mixtiie of oettmial racks within
shot site at Ihe Tonopah Test Range, Is
sanu spucies and me having (he samt

(evada. Meansq
sitter were not a

ZONEI

Dule of oolluctkn

Artemisia sninescens
August, 1990
Ncwrfw, 1990
Maicfa,1991
August, 1991

Abiplcx ontotiftiJia
August, 1990
Novurfjer, 1990
Match, 1991
August, 1991

GeratoitLx kmata

August, 1990

November, 1990
Match, 1991
August, 1991

Hilaria jamsii
August, 1990
November, 1990
March, 1991
August, 1991

Mixture of species
August, 1990
November, 1990
Maich, 1991
August, 1991

Man

0.00107
0.00121
0.00205
0.00079

0.00048
0.00025
0.00193
0.00004

0.00078
0.00073
0.00101
0.00073

-

0.00062
0.00051
0.00031
0.00006

0.00017
0.00061
0.00292
0.00007

SE

0.00020 a
0.00016 a
0.00024 a
0.00026 a

0.00020 a
0.00013 a
0.00182 a
0.00001 a

0.00015 a
0.00017 a
0.00006 a
0.00037 a

.0.00014 a
0.00003 a
0.00031 a
0.00003 a

0.00017 a
0.00005 a
0.00254 a
0.00001 a

potations woe
igmficandy difl

va yji • fc.a «» •• nut

zones of nhitmium crrtamtnatinn within the dean Slate 2 sali
conducted using Fischer's Ixast Significant Difference p«tx«iire(LSD). Date of aJlec î mans \vitfm the
bent (p>0.05).

ZQNE2

Mean

0.00341
0.00314
0.01029
0.00072

0.00092
0.00067
0.00068
0.00124

0.00198
0.00154
0.00218
0.00044

0.00346
0.00258
0.00435
0.00277

0.00276
0.00207
0.00280
0.00271

SE

0.00024 A
0.00088 ab
0.00596 a
0.00011 b

0.00034 a
0.00009 a
0.00007 a
0.00012 a

0.00051 a
0.00009 a
0.00051 a
0.00014 a

0.00078 a
0.00022 a
0.00077 a
0.00083 a

0.00039 a
0.00029 a
0.00062 a
0.00046 a

ZQNE3

Mem

0.01277
0.01222
0.01167
0.01607

0.00255
0.00358
0.00237
0.00343

0.00747
0.00690
0.00538
0.00682

0.01064
0.01027
0.01267
0.00753

0.00833
0.00589
0.00704
0.00946

SE

0.00137 a
0.00129 a
0.00066 a
0.00179 a

0.00040 a
0.00106 a
0.00023 a
0.00057 a

0.00109 a
0.00132 a
0.00054 a
0.00125 a

0.00171 a
0.00133 a
0.00207 a
0.00207 a

0.00024 a
0.00078 a
0.00130 a
0.00173 a

ZQNE4

Maun

0.01597
0.01653
0.01883
0.03027

0.00485
0.00394
0,00202
0.00517

0.007%
0.01331
0.00724
0.01223

0.02077
0.03860
0.02237
0.01730

0.00663
0.00940
0.01132
0.01795

SE

0.00757 b
0.00223 b
0.00123 b
0.00508 a

•"

0.00086 a
0.00048 a
0.00060 a
0.00050 a

0.00180 a
0.00369 a
0.00090 a
0.00112 a

0.00306 b
0.01650 a
0.00282 b
0.00217 b

0.00135 b
0.00051 ah
0.00385 ab
0.00664 a



Table 10. Gamra amenoum-241 means (n= 15) and standard emre(SE)(nanocunWg dry v^
atfety shot site at (te Tnnapeh Test Range, Nevada. Vegetation was coDeded on fcur separate dates to rcpnaot seasons. Mean aparatians vwre conducted using Fischer's Least
Sigmncaii Difference procedure (LSD). Date of collection means within zones of contamination ha\^ identical kttas\wre not sigmfiamdydifEaent(p>O.QS).

Zonel
Date of
Gclkdion

AugiKt, 1990
November, 1990
Manii, 1991
August, 1991

Mem

0.00063
0.00066
0.00165
0.00034

SE

0.00011 a
0.00010 a
6.00059 a
0.00012 a

Zme2

Mean

0.00251
0.00200
0.00406
0.00158

SE

0.00032 a
0.00028 a
0.00136 a
0.00031 a

Zdie3

Mean

0.00835
0.00777
0.00782
0.00866

SE

0.00101 a
0.00094 a
0.00112 a
0.00127 a

Zone 4

Mean

0.01124
0.01636
0.01236
0.01658

SE

0.00217 b
000429 a
0.00216 b
0.00265 a


